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ABSTRACT 


The  CHASE  VII  event  consisted  of  the  underwater 
explosion  of  400  tons  TNT  equivalent  at  a  nominal  detona¬ 
tion  depth  of  3000  feet.  The  CHASE  V  event  had  a  yield 
of  1000  tons  and  was  detonate d  at  a  nominal  depth  of 
4000  feet.  Narrow  hand  spectra  of  the  seismic  signals 
generated  hy  these  events  as  received  at  a  number  of 
LRSM  stations  and  Vefla  observatories  are  presented. 
Source-receiver  distances  of  selected  stations  range 
from  approximately  700  to  5000  kilometers . 

» 

From  the  results  obtained,  it  is  concluded  that: 

(1)  The  odd  harmonic  series  due  to  the  detonation 
depth  is  readily  identified  in  a  majority  of  the  spectra 
obtained  for  both  the  CHASE  V  and  CHASE  VII  events. 

(2)  The  bubble  pulse  frequency  is  not  identified 
for  either  the  CHASE  V  or  CHASE  VII  event. 

(3)  Harmonic  series  falling  in  the  complete  integer 
set,  as  yet  unexplained,  are  revealed  in  the  records  ob¬ 
tained  for  both  the  CHASE  V  and  CHASE  VII  events. 

(4)  An  odd  harmonic  series  interpreted  as  being 
generated  by  sub-bottom  layering  at  the  source  is  observed 
in  the  CHASE  VII  spectra .  This  series  is  not  observed 

in  the  CHASE  V  records. 

(5)  A  comparison  of  spectra  obtained  from  several 
seismic  stations  is  essential  to  valid  spectral  inter¬ 
pretation  . 
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INTRODUCTION 


This  report  is  the  third  in  a  series  published  by  this 
office  presenting  the  results  obtained  from  narrow  band  spec¬ 
tral  analysis  of  seismic  signals,  Refs.  (1)  and  (2),  generated 
by  the  CHASE  explosions.  The  principle  purpose  of  this  effort 
has  been  to  determine  the  feasibility  of  obtaining  underwater 
explosive  yields  and  detonation  depths  through  analysis  of 
seismic  records  and  other  supporting  data.  Generally,  the  data 
obtained  from  these  analyses  has  been  most  favorable.  However, 
research  in  this  area  is  still  in  its  developmental  stage  and 
it  must  be  emphasized  that  many  problems  concerning  spectral 
interpretations  remain  to  be  solved. 

THEORY 

A  fairly  complete  theoretical  treatment  of  seismic 
signals  generated  by  underwater  explosions  is  presented  in  Ref. 
(3)  with  some  additional  theory  provided  in  Ref.  (2) .  It  is 
shown  that  the  predominant  spectral  characteristics  of  such 
signals  are  governed  by  the  depth  of  the  detonation,  the  water 
depth  at  the  source,  and  the  bubble  pulse  period.  The  detona¬ 
tion  depth  and  the  water  depth  give  rise  to  harmonic  series 
falling  in  the  odd  integer  set  while  the  bubble  bulse  period 
generates  the  familiar  complete  integer  series  found  in  hydro¬ 
acoustic  explosive  signal  spectra.  The  spectral  maxima  are 
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given  by  the  following  terms : 

Charge  depth  series 

fmax  -  3T-  (2“-1>,  n  =  1,  2,  3 . 

where :  d  =  charge  depth 

c  =  velocity  of  sound  in  the  water 

Water  depth  series 

fmax  =  W  (2n-1>,  n  =  1,  2,  3,  .  .  ,  . 
where:  H  =  water  depth 
Bubble  pulse  series 
f  =  *L_ 

max  T0  '  n  =  1.  2,  3,  - 

where:  T0  =  bubble  pulse  period 

In  order  to  determine  the  yield  of  an  underwater  explo 
sion  it  is  necessary  to  know  the  depth  of  the  detonation  and 
the  fundamental  frequency  of  the  bubble  pulse  series,  yield 
may  then  be  computed  from  the  following  formula: 

w  =  . 012  T  3  d  2 ’ 5 
o  o 

where:  W  =  yield  in  pounds 

V  bubble  pulse  period  in  seconds 
do=  charge  depth  +  33  feet 
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In  Ref.  (3)  a  logical  approach  to  be  used  in  identifying 
the  spectral  series  associated  with  the  various  source  parame¬ 
ters  has  been  set  down  as  an  example  of  how  the  relationships 
noted  above  may  be  utilized  in  the  establishment  of  a  seismic 
surveillance  system  to  aid  in  the  detection  and  classification 
of  underwater  explosions.  The  approach  assumes  that  the  analyst, 
in  addition  to  having  no  previous  knowledge  of  a  test  shot,  has 
no  supporting  non-seismic  data  following  the  test  shot  to  aid 
him  in  the  analysis.  While  the  results  were  very  encouraging 
for  the  example  presented,  it  has  since  become  evident,  after 
analysis  of  the  seismic  data  obtained  from  the  CHASE  tests,  that 
the  complex  nature  of  the  majority  of  spectra  generally  preclude 
such  a  narrow  approach,  at  least  at  the  present  state-of-the- 
art.  However,  it  is  not  at  all  necessary  that  such  an  approach 
be  made.  In  the  event  of  a  large  yield  underwater  explosion, 
the  bubble  pulse  frequency,  if  a  bubble  pulse  exists,  may  be 
obtained  from  the  analysis  of  hydroacoustic  data  obtained  from 
one  of  the  various  existing  monitoring  stations.  Through  tri¬ 
angulation  the  approximate  position  of  the  event  could  be  deter¬ 
mined.  Sounding  charts  of  the  region  could  then  be  utilized 
to  obtain  water  depth  information.  With  the  information  thus 
acquired,  determination  of  detonation  depth  from  seismic  spectra 
would  be  a  relatively  easy  task  since  the  other  spectral  series 
would  then  be  known. 

Here  it  must  be  noted  that,  thus  far,  spectral  content 
has  been  investigated  only  from  the  standpoint  of  source 
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parameters.  Obviously,  this  is  somewhat  unrealistic  since  the 
total  seismic  spectrum  is  a  combination  of  source,  transmission, 
and  receiver  effects.  As  more  knowledge  is  acquired  con¬ 
cerning  the  manner  in  which  these  other  variables  affect  spec¬ 
tral  amplitudes  and  shaping,  more  effective  utilization  of  the 
basic  theory  will  be  possible. 


ANALYSIS  SYSTEM  AND  PROCEDURES 


For  the  past  three  years  Underwater  Systems,  Inc.,  under 
contract  to  the  Office  of  Naval  Research,  has  been  involved  in 
the  narrow-band  spectral  analysis  of  explosively  generated 
transient  signals.  With  few  exceptions,  the  analysis  work  has 
been  concerned  with  underwater  chemical  explosions. 

Basically,  the  spectral  analysis  system.  Government 
furnished,  consists  of  the  following  units: 

1.  Sangamo  4700  Recorder/Reproducer 

2.  Singer  Panoramic  Sonic  Analyzer,  Model  LP-la  and 
Accessory  Auxilary  Function  Unit  C-2 

3.  Singer  Panoramic  Power  Spectral  Density  Analyzer, 

Model  PDA-1 

4.  Singer  Panoramic  Recorder  and  Sawtooth  Wave  Generator, 
Model  RC-3b 

A  photograph  of  the  system,  including  all  associated  test  equip¬ 
ment  employed,  is  shown  in  Figure  (1) . 
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Briefly,  the  analysis  is  performed  in  the  following 
fashion.  Referring  to  Figure  (2),  the  signal  is  transferred 
from  the  master  tape  to  a  continuous  tape  loop.  The  signal  is 
then  fed  to  the  scanning  heterodyne  analyzer  which  has  been 
pre-set  to  the  desired  frequency  band  and  IF  bandwidth  for 
which  the  analysis  is  to  be  performed.  The  loop  voltage  is 
monitored  and  fed  to  the  spectral  density  analyzer  where  it  is 
integrated  during  the  period  fixed  by  an  external  integration 
time  control  recorded  on  a  separate  channel  on  the  tape  loop. 
The  SDA  is  equipped  for  both  relative  mean  power  and  voltage 
density  measurements.  The  output  of  the  SDA  drives  a  recti¬ 
linear  pen-and-ink  chart  recorder  running  in  synchronism  with 
the  swept  local  oscillator  of  the  analyzer. 

Each  line  in  a  spectrum  represents  one  complete  revo¬ 
lution  of  the  tape  loop.  During  the  time  that  the  integration 
control  signal  is  being  applied  to  the  SDA,  the  integrator  is 
"dumped"  and  the  recorder  pen  remains  at  the  baseline  of  the 
chart.  The  termination  of  the  control  signal  marks  the  begin¬ 
ning  of  the  integration  period  and  the  pen  begins  its  rise 
from  the  baseline.  At  the  resumption  of  the  control  signal, 
the  integrator  again  "dumps"  and  the  pen  moves  back  to  the 
baseline  and  remains  there  until  the  beginning  of  the  next 
integration  period.  As  the  tape  loop  revolves,  the  spectral 
analyzer  is  continuously  scanning  the  frequency  band  of  interest 
at  a  pre-set  rate.  Thus  each  line  represents  an  analysis  in 
a  band  the  center  of  which  differs  slightly  from  the  one 
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preceding  it.  The  frequency  separation  of  adjacent  lines  is 
a  function  of  scan  rate  and  loop  length. 

Frequency  measurements  for  analyses  performed  in  fre¬ 
quency  ranges  below  approximately  0-100  Hz  tend  to  be  some¬ 
what  unreliable  due  to  a  tendency  of  the  analyzer  to  drift 
excessively  during  the  scan  time.  This  problem  is  overcome 
by  playing  back  the  tape  loop  signal  at  several  times  the 
original  recording  speed.  The  analyzer  then  "sees"  a  frequency 
component  x  as  ax,  where  a  is  the  speed  up  factor. 

The  system  is  equipped  with  IF  bandwidth  settings  of  2, 

5,  10,  25,  50,  100,  and  200  Hz.  For  analyses  involving  loop 
speedup  factors  (a) ,  the  actual  bandwidths  become  the  IF  band¬ 
width  settings  divided  by  a. 

The  spectral  analyses  presented  in  this  report  were 
performed  for  signals  taken  from  a  composite  tape  containing 
the  signal  arrivals  at  a  number  of  LRSM  field  stations  and  Vela 
observatories.  All  of  the  spectra  represent  analyses  of  approx¬ 
imately  the  first  one  hundred  seconds  of  signal  arrival  over 
the  frequency  band  0-4  Hz  with  an  IF  bandwidth  of  0.04  Hz, 
using  a  speed  factor  (a)  of  50. 

SPECTRAL  NOISE 

A  very  significant  consideration  in  any  type  of  transient 
analysis  is  the  signal-to-noise  ratio  over  the  frequency  band  of 
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interest.  The  analysis  technique  utilized  for  determination 
of  the  positions  of  source  generated  spectral  maxima  is  espec¬ 
ially  sensitive  to  the  signal-to-noise  characteristics  of  the 
signals  analyzed.  Indeed,  spurious  frequency  components, 
even  if  identified  as  such,  may,  through  distortion  of  the 
source  generated  spectrum,  lead  to  serious  errors  in  interpre¬ 
tation.  in  order  to  minimize  this  possibility,  the  selection 
of  seismic  receiving  stations  for  inclusion  in  this  study  was 
based  largely  on  the  general  broad  band  signal-to-noise  charac¬ 
teristics  exhibited  at  each  station.  However,  even  at  rela¬ 
tively  long  ranges,  it  was  found  that  the  background  noise  levels 
at  most  stations  presented  little  difficulty  over  the  frequency 
band  analyzed,  thus  affording  wide  latitude  in  station  selection. 

An  estimate  of  the  noise  levels  in  the  spectra  was  ob¬ 
tained  from  an  analysis  of  portions  of  the  noise  backgrounds 
preceding  the  received  signals  at  each  station.  Background 
analyses  were  performed  using  scale  settings  and  integration 
periods  identical  to  those  of  the  corresponding  signal  spectra, 
thus  enabling  the  analyst  to  directly  compare  signal  and  noise 
spectra  on  a  visual  basis.  While  this  method  has  proven  to  be 
a  valuable  aid  in  the  problem  of  identification  of  non-source 
generated  spectral  components,  one  must  recognize  that  it  is 
useful  only  as  a  gross  indicator ,  as  present  knowledge  is  in¬ 
sufficient  to  permit  in-depth  interpretations. 
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ANALYSIS  RESULTS  -  CHASE  VII 

The  parameters  pertinent  to  the  discussion  of  the 

results  obtained  from  the  CHASE  VII  event  are  presented  below. 
Ref.  (4): 


Water  depth  -  7500  feet 

Detonation  depth  -  3000  feet 

Yield  -  400  tons 

Assuming  an  average  value  of  4900  ft/sec  for  the  velocity  of 
sound  in  the  water  at  the  source,  we  can  predict  the  following 
spectral  series: 

Water  depth  maxima  -  0.163  (2n-l)  Hz,  n=l,2,3... 

Detonation  depth  maxima  -  0.408  (2n-l)  Hz,  n=l,2,3... 

Bubble  pulse  maxima  -  1.99  (n)  Hz*  ,  n=l,2,3... 

The  spectral  analyses  presented  in  Figures  (3)  -  (13) 
were  performed  for  records  obtained  from  LRSM  stations  and  Vela 
observatories.  The  distance  of  these  stations  from  the  CHASE 
VII  event  ranged  from  1117  km  (Belleview,  Florida)  to  4968  km 
(Mould  Bay,  Northwest  Territories).  Records  from  seven  stations 


♦Determined  by  Columbia  University  Geophysical  Field  Station 
from  hydroacoustic  records 
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were  analyzed.  In  addition  to  analyzing  the  signals  generated 
by  the  source  explosion,  analyses  were  performed  on  the  back- 
ground  noise  just  preceding  signal  arrival.  Noise  components 
significant  in  the  present  study  were  obtained  at  four  stations. 
These  records  are  included  here  following  the  signal  spectra  to 
which  they  correspond;  see  Figures  (6) ,  (8) ,  (11) ,  and  (13) . 

The  noise  spectra  for  three  of  these  four  stations  indicate  the 
presence  of  significant  noise  components  within  a  narrow  region 
at  the  low  end  of  the  analysis  band  (approximately  0.1  -  0.8  Hz).* 
The  bands  of  noise  dominance  revealed  in  these  records  have  not 
been  considered  in  making  spectral  interpretations.  Excluded 
regions  are  indicated  by  brackets  on  the  signal  spectra.  The 
presence  of  the  single  peak  observed  at  a  frequency  of  2.68  Hz  in 
Figure  (8)  will  be  dealt  with  in  the  treatment  of  the  CHASE  V 
results  which  follows  this  discussion. 

A  cursory  inspection  of  the  signal  records  reveals  that 
while  there  is  wide  variation  in  spectral  detail,  there  is  a 
general  constancy  in  gross  aspect.  With  the  exceptions  of  Fig¬ 
ures  (4) ,  (10) ,  and  (12) ,  the  spectra  exhibit  two  fairly  well 
defined  broad  peaks  upon  which  are  superimposed  a  number  of  nar¬ 
rower  maxima.  The  detonation  depth  appears  to  be  the  controlling 
parameter  in  the  determination  of  these  gross  spectral  features, 
and  they  are  interpreted  to  correspond  to  the  third  and  fifth  har¬ 
monics  of  the  detonation  depth  series.  Having  made  this 

*It  is  interesting  to  note  that  the  bulk  of  the  energy  of  most 
microseismic  disturbances  is  also  contained  in  this  band.  Ref.  (5)  . 
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identification,  a  reappraisal  of  Figures  (10)  and  (12) ,  after 
excluding  the  low  frequency  noise,  indicates  the  presence  of  the 
third  harmonic  in  Figure  (10)  and  the  third  and  fifth  harmonics 
in  Figure  (12) .  Figure  (4)  -  Houlton,  Maine  -  remains  as  the 
only  record  exhibiting  spectral  characteristics  inconsistent  with 
those  described  above. 

Of  the  spectra  presented  above,  Figure  (7)  -  Winner,  South 
Dakota  -  best  exhibits  the  above  described  features.  Also,  this 
record  clearly  exhibits  a  maximum  at  about  0.67  Hz,  interpreted 
to  be  related  to  the  fundamental  of  the  detonation  depth  series. 
However,  the  large  discrepancy  between  this  observed  value  and 
either  the  predicted  value  of  0.41,  or  the  value  based  on  the 
third  and  fifth  harmonics,  0.42,  (see  below)  is  noted.  It  is 
probable  that  the  apparent  shift  of  this  weak  maximum  is  a 
transmission  related  phenomenon,  though  this  has  not  as  yet  been 
substantiated.  The  possibility  that  this  may  be  a  station 
related  phenomenon  has  been  precluded  from  the  absence  of  this 
maximum  in  the  bacxground  noise  or  in  the  spectra  of  other  sig¬ 
nals  analyzed  from  this  station. 

A  complete  listing  of  the  measured  positions  of  maxima 
for  the  detonation  depth  series  as  obtained  for  each  spectrum 
is  presented  in  Table  (1) .  Although  precise  determination  of  the 
positions  of  these  broad  peaks  is  difficult  due  to  the  interfer¬ 
ence  of  the  superimposed  higher  order  harmonic  series,  an 
average  value  of  about  0.42  +  0.02  Hz  is  obtained  This  value 


10 


DETONATION  DEPTH  SERIES  -  CHASE  VII 
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yields  a  detonation  depth  of  2900  ±  150  feet,  in  close  agree¬ 
ment  with  the  depth  of  3000  feet  given  in  Ref.  (4) . 

Although  in  a  few  of  the  records  there  appears  to  be  a 
general  spectral  peaking  in  the  vicinity  of  2  Hz,  transmission 
and  seismometer  response  effects  generally  distort  the  spectra 
to  such  an  extent  as  to  preclude  reliable  determination  of 
the  bubble  pulse  fundamental.  The  response  curve  for  the 
seismometers  utilized  at  the  LRSM  stations  peaks  at  approximately 
2  Hz  and  rolls  off  rather  sharply  thereafter  with  increasing 
frequency.  This  also  accounts,  in  part,  for  the  absence  of 
observable  detonation  depth  harmonics  higher  than  the  fifth. 

A  rather  broad  portion  of  the  upper  spectrum  is  further  sup¬ 
pressed  due  to  the  influence  of  the  null  between  the  first 
and  second  bubble  pulse  maxima.  It  must  be  noted,  however,  that 
the  apparent  absence  of  energy  over  portions  of  the  upper  analy¬ 
sis  band  is  due  to  system  dynamic  range  limitations  and  should 

not  be  construed  as  being  real. 

Table  (2)  contains  a  summary  of  the  positions  of  all 
spectral  peaks  superimposed  on  the  source  depth  spectra  at  the 
various  stations.  Comparison  of  results  obtained  for  individual 
stations  strongly  indicates  the  presence  of  three  distinct 
harmonically  related  series  of  maxima.  One  of  these  series, 
falling  in  the  odd  integer  set  with  a  fundamental  frequency  of 
0.17  ±  0.005  Hz,  is  readily  identified  as  that  generated  by  the 
water  column  at  the  source.  The  indicated  water  depth  of  7200  ± 
200  feet  is  consistent  with  that  given  in  Ref.  (4).  In  addition 
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WATER  DEPTH  (WD) ,  SUB-BOTTOM  (SB) ,  AND  COMPLETE  INTEGER  (Cl)  SERIES  -  CHASE  VII 
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Apparent  superposition  of  maxima. 


to  the  water  depth  series  there  is  observed  still  another  odd 
integer  series  with  a  fundamental  frequency  of  0.13  ±  0.005  Hz. 

It  is  probable  that  this  series  is  due  to  the  presence  of  a 
sub-bottom  reflector  at  the  source;  Isowever,  no  firm  conclu¬ 
sion  can  be  reached  in  this  regard  until  more  is  known  of  the 
local  crustal  structure.  The  third  series  observed,  a  complete 
integer  series  with  a  fundamental  frequency  of  0.26  ±  0.005  Hz, 
remains  unexplained  at  this  writing. 

It  should  be  evident  from  the  results  presented  in  Tables 
(1)  and  (2)  that  a  spectral  interpretation  based  on  results  ob¬ 
tained  at  a  single  station  would  be,  at  best,  questionable. 

Only  through  a  comparison  of  several  spectra  is  one  able  to  deter¬ 
mine,  with  any  degree  of  confidence,  which  of  the  spectral  peaks 
present  in  any  particular  record  are  truly  source  related. 
Furthermore,  a  comparison  technique  has  been  found  essential  to 
the  determination  of  the  various  harmonic  relationships  arising 
from  source  related  phenomena.  Each  spectrum  differs  in  the  degree 
of  suppression  or  enhancement  of  the  various  frequency  components 
comprising  the  series  present.  Where  a  particular  component 
may  be  very  prominent  and  well  defined  in  one  spectrum,  it  may 
not  be  observable  in  another.  This  apparent  absence  of  certain 
harmonics  on  any  one  spectrum  renders  interpretation  on  an 
individual  basis  extremely  complicated  and  generally  ineffectual. 
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ANALYSIS  RESULTS  -  CHASE  V 


The  parameters  pertinent  to  the  discussion  of  the 
results  obtained  from  the  CHASE  V  event  are  presented  below. 
Ref.  (6): 


Water  depth  -  12,500  +  100  feet 

Detonation  depth  -  3,750  +  250  feet 

Yield  -  1.0  +  0.2  kilotons 

Making  the  same  assumption  as  in  the  previous  discus¬ 
sion  concerning  the  sound  velocity  at  the  source,  we  obtain 
the  following  predicted  spectral  series: 

Water  depth  maxima  -  0 . 098 (2n-l) Hz  ,  n=l,2,3,... 

Detonation  depth  maxima  -  0 . 327 ( 2n-l) Hz  ,  n=l,2,3,... 

Bubble  pulse  maxima  -  1.74(n)Hz*  ,  n=l,2,3,... 

Figures  (14)  -  (25)  present  analyses  performed  for  records 
obtained  from  eight  LRSM  stations  and  Vela  observatories.  In 
addition  to  the  explosion  spectra,  background  noise  analyses 
were  obtained  for  each  station  and  noise  dominant  portions  of 
each  signal  spectrum  were  excluded  for  purposes  of  interpreta¬ 
tion.  Four  of  these  noise  records  are  contained  herein  following 


♦Determined  by  Underwater  Systems,  Inc.  from  hydroacoustic 
records  obtained  at  short  range 
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the  signal  spectra  to  which  they  correspond;  see  Figures  (16) r 
(20) ,  (23) ,  and  (25)  . 

The  maximum  observed  at  approximately  2.7  Hz  in  Figure 
(8)  is  in  evidence  in  five  of  the  noise  spectra  obtained  for 
the  CHASE  V  analysis.  It  is  probable  that  it  is  an  artifact 
generated  by  the  recording  system  which  was  utilized  in  dubbing 
the  various  station  records  on  the  composite  tapes  used  for 
this  analysis.  However,  no  firm  conclusion  in  this  regard  can 
be  reached  at  this  time. 

In  general,  the  characteristics  exhibited  by  the  CHASE  V 
spectra  are  very  similar  to  those  obtained  for  the  CHASE  VII 
event.  Five  of  the  records  clearly  indicate  the  presence  of  two 
broad  peaks  superimposed  on  which  are  numerous  narrower  maxima; 
see  Figures  (15),  (17),  (18),  (21),  and  (22).  The  broad  maxima 
are  again  interpreted  to  be  the  third  and  fifth  harmonics  of  the 
detonation  depth  series.  Although  the  series  is  not  immediately 
evident  in  Figures  (14)  ,  (19)  ,  and  (24)  ,  upon  comparison  of  these 
spectra  with  those  of  greater  definition  the  presence  of  the 
fifth  harmonic  in  Figure  (19)  and  the  third  harmonic  in  Figure 
(24)  is  noted.  A  listing  of  the  measured  positions  of  the  detona¬ 
tion  depth  maxima  as  observed  for  each  station  is  presented  in 
Table  (3).  An  average  fundamental  frequency  of  0.31  ±  0.02  Hz 
is  obtained.  This  corresponds  to  a  depth  of  3,950  ±  250  feet 
which  is  consistent  with  that  given  in  Ref.  (6). 

The  positions  of  the  maxima  superimposed  on  the  source 
depth  spectrum,  as  obtained  for  each  station,  are  listed  in  Table 
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TABLE  (3) 

DETONATION  DEPTH  SERIES  -  CHASE 
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Fundamental : 


(4) .  Through  a  comparison  of  the  results  obtained  for  the 
various  stations,  two  distinct  harmonic  series  are  discerned. 
One  of  these,  falling  in  the  odd  integer  set  with  a  fundamental 
frequency  of  0.10  ±  0.005  Hz  is  interpreted  to  be  the  water 
depth  series.  The  indicated  water  depth  of  12,500  ±  500  feet 
compares  favorably  with  that  given  in  Ref.  (6).  The  other 
series,  as  yet  unexplained,  falls  in  the  complete  integer  set 
with  a  fundamental  of  0.20  ±  0.005  Hz. 
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WATER  DEPTH  (WD)  AND  COMPLETE  INTEGER  (Cl)  SERIES  -  CHASE 
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CONCLUSIONS 


From  the  results  obtained  from  the  spectral  analysis  of 
the  CHASE  V  and  CHASE  VII  seismic  signals,  it  is  concluded 
that : 

!•  The  gross  spectral  characteristics  of  the  records 
obtained  for  the  CHASE  V  and  CHASE  VII  events  are  very  similar. 

2.  An  odd  harmonic  series  interpreted  as  being  generated 
by  sub-bottom  layering  at  the  source  is  observed  in  the  CHASE 
VII  spectra.  This  series  is  not  observed  in  the  CHASE  V  records, 
indicating  considerable  difference  in  crustal  structure  at  the 
two  source  locations. 

3.  Harmonic  series  falling  in  the  complete  integer  set 
are  revealed  in  the  records  obtained  for  both  the  CHASE  V  and 
CHASE  VII  events. 

4.  The  detonation  depth  series  is  readily  identified  in  a 
majority  of  the  spectra  obtained  for  both  the  CHASE  V  and  CHASE 
VII  events. 

5.  The  bubble  pulse  frequency  is  not  identified  for 
either  the  CHASE  V  or  CHASE  VII  event,  though  the  bulk  of  the 
energy  observed  occurs  in  the  predicted  band  for  the  fundamental 
of  the  bubble  pulse  series. 

6.  A  comparison  of  spectra  obtained  from  several  seismic 
stations  is  essential  to  valid  spectral  interpretation. 

7.  The  bulk  of  the  energy  observed  in  background  noise 
records  obtained  for  the  CHASE  V  and  CHASE  VII  analyses  is 
contained  in  a  rather  narrow  band  below  0.8  Hz. 
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Figure  (1) 

Photograph  showing  spectral  analysis  system 
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Frequency  in  Hz 


Spectral  analysis  of  seismic 
signal  generated  by  CHASE  VII 
detonation  as  received  at 
Witchita  Mountains  Observatory 
Oklahoma.  Range  -  2210  km. 
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Frequency  in  Hz 
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(7)  . 
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Frequency  in  Hz 
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Spectral  analysis  of  background 
noise  preceding  signal  analyzed 
in  Figure  (10) . 
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,  CHASE  VI1  event  consisted  of  the  underwater  explosion 

t0nS  TNT  e<3uivalent  at  a  nominal  detonation  depth  of 
3000  feet.  The  CHASE  V  event  had  a  yield  of  1000  tons  and  was 
detonated  at  a  nominal  depth  of  4000  feet.  Narrow  band  spectra 
of  the  seismic  signals  generated  by  these  events  as  received  at 
a  number  of  LRSM  stations  and  Vela  observatories  are  presented. 

ource-receiver  distances  of  selected  stations  range  from 
approximately  700  to  5000  kilometers. 

From  the  results  obtained,  it  is  concluded  that: 

(1)  The  odd  harmonic  series  due  to  the  detonation  depth 

in  a  ma3ority  of  the  spectra  obtained  for 
both  the  CHASE  V  and  CHASE  VII  events. 

(2)  The  bubble  pulse  frequency  is  not  identified  for  either 
the  CHASE  V  or  CHASE  VII  event. 

Harmonic  series  falling  in  the  complete  integer  set, 
as  yet  unexplained,  are  revealed  in  the  records  obtained  for 
both  the  CHASE  V  and  CHASE  VII  events. 

(4)  An  odd  harmonic  series  interpreted  as  being  generated 
by  sub-bottom  layering  at  the  source  is  observed  in  the  CHASE  VII 
spectra.  This  series  is  not  observed  in  the  CHASE  V  records. 

.  *5)  A  comparison  of  spectra  obtained  from  several  seismic 
stations  is  essential  to  valid  spectral  interpretation . 
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